Introduction
Vascular anomalies, defined as aberrations that appear during vascular development, are rather common, may involve any anatomical structure and have a prevalence of up to 4.5% in the general population, being diagnosed mainly during childhood [1] . However, vascular anomalies involving the peripheral nervous system are extremely rare, with a limited number of cases reported.
For a long time, some confusion persisted in defining this group of anomalies, due to ambiguous terminology and, therefore, interdisciplinary discordance. The biologic classification introduced in 1996 and thereafter developed by ISSVA (International Society for the Study of Vascular Anomalies) [2] , clarifies the class division of this type of lesions according to their clinical behavior and cellular characteristics. Thus, two categories are described: proliferative lesions (hemangiomas) and malformations -simple or complex -, each of the classes having a distinctive pattern of development.
The aim of the current paper is to present two cases of vascular anomalies involving peripheral nerves of the upper limb, highlighting the ultrasonographic and imaging appearance and to provide a systematic review of the imaging appearance of this rare type of lesions.
sented for symptoms of pain and paresthesia in the palm and the IVth and Vth fingers as well as decreased ability to catch and especially to retain objects. The long-lasting symptomatology started at the age of 6 in the context of a trauma and became more conspicuous in adolescence in the circumstances of hormonal changes. Previous surgery of the arm was noted but operative protocols were unavailable.
The clinical examination revealed multiple subdermal pale blue lesions of the inner side of the left arm, along the scar of previous surgery (fig 1a) . The lesions were soft, easily compressible on palpation, characterized by volume increase when the limb was in dependent position. The prehensile function of the left hand was impaired, especially on the ulnar territory. The diagnostic suspicion of a venous malformation involving the skin and, possibly, the left arm muscle layers associated with cubital tunnel syndrome was raised. An ultrasound exam was requested, to define the in depth extent of the vascular changes and to analyze the ulnar nerve status in the canal.
On ultrasound, multiple sinuous vascular tracts, located both subcutaneously and in the intermuscular planes of the inner left arm were seen. The diameter and area of the ulnar nerve in the canal were within normal limits. Several anechoic, serpentine, vascular structures that almost completely replaced the nerve structure and were collapsible at transducer compression were evidenced along the course of the ulnar nerve in the arm (fig 1b) . On Doppler, these vessels exhibited slow, single-phase, venous flow.
Intraoperatively, the diagnosis of venous malformation with stalk involvement of the left ulnar nerve was confirmed. The patient underwent surgical exploration with neurolysis and vascular malformation ligation ( fig  1c) .
Case report 2
A 42-year-old female patient, known with a congenital right palmary arteriovenous fistula with several previous surgical interventions was admitted to the surgery department, complaining of pain and paresthesia in the thenar eminence of the right hand, respectively at the level of the thumb and index.
Clinically, multiple dilatations of the radial and ulnar superficial arterial branches in the distal third of the right forearm were noticed. Also, engorged arterial palmar branches were apparent as well as dilated dorsal and palmar digital veins, extending to the ulnar, radial and cephalic veins (fig 2a) . The ultrasound examination was requested to assess the carpal tunnel syndrome and to locate the arteriovenous communication nidus.
On Doppler ultrasound three arteriovenous fistula foci were detected, all located in the palmar side of the hand, in the thenar, hypothenar and mid-palm areas, respectively. The median nerve, within the carpal tunnel, appeared thick, hypoechoic, slightly depressible, with a marked dotted appearance (fig 2b) . On color Doppler, the whole nerve was colored, containing arterial signal with high velocity and low impedance (fig 2c) . Tracking the nerve upstream revealed intraneural arterial vessels up to the middle of the forearm (fig 2d) . Pulsed wave Doppler sampling revealed high velocity low resistance intraneural flow (fig 2e) . The ulnar nerve had a normal appearance. Computed tomography (CT) angiography (CTA) and Magnetic Resonance (MR) angiography (MRA) were requested for three-dimensional mapping of the vascular changes in order to establish the treatment strategy.
Non-enhanced CT of the upper right limb revealed multiple calcifications, located in the lower third of the forearm and in the palmar region. Numerous dilated, sinuous vascular channels were seen, located both deeply, between the muscular layers of the flexors and subcutaneously. Post contrast, in the arterial phase, in addition to enhancement of the radial and ulnar arteries, multiple tortuous vascular tracts were revealed, especially in the distal third of the forearm and the lateral three thirds of the palm. Early venous enhancement was also noted. Abnormal vascular channels were present in the anatomical area of the median nerve (fig 2f-i) . The morphological MRI examination using the T1 FSE, GRE and T2 FSEsequences revealed multiple tortuous vascular tracts with increased diameter, located in the lower third of the right forearm and in the palmar region, between the muscular and tendinous layers, but also subcutaneously, with signal void areas especially on the ventral side. These vessels were located on the anatomical course of the median nerve, in its distal third and in the carpal tunnel, as well as along its palm branches, extending up to the level of the thumb and index (both on the palmar and on the dorsal side) (fig 2j-m) . On contrast enhanced CTA and MRA (see image caption). there was a rapid filling of these vessels with enhancement persistence in the venous phase (fig 2n,o) .
The extensive involvement of the median nerve induced a major change in the treatment plan: the palmar arteriovenous fistulae were suppressed, but a conservative attitude was employed towards the forearm vascular lesions.
The patient returned after 5 years with altered symptoms, complaining of paresthesia, pain and loss of the thermal sensitivity in the IVth and Vth fingers of the right hand. On ultrasound the appearance of the median nerve was unaltered, but changes of the same type -hypoechogenic neural thickening, tortuous vessels, high velocity arterial flow with low impedance -were noted in the distal 5 cm of the ulnar nerve (fig 3a) . At surgery, ligation and cauterization of many dilated palmar vessels was performed. A superficial branch of the radial nerve, covered by veins and dilated capillaries at the level of the epineurium (fig 3b) was severed respectively cauterized, with consecutive neurorrhaphy. The clinical-imaging and intraoperative report of arteriovenous malformation was confirmed by histopathology.
Literature review

Research methods
To comprehensively review the current literature, we electronically retrieved all studies that reported intraneural vascular anomalies from Medline (PubMed), Cochrane Library and Scopus electronic databases. The search was carried out between June 20 -26th, 2017. The following free text search terms were used in "All fields": peripheral nerve or intraneural and vascular anomaly or vascular malformation or arteriovenous malformation or venous malformation or hemangioma.
The search was restricted to English language papers published in the last 40 years, on human subjects. The bibliographies of the selected studies were further searched for additional references of relevance. Any prospective or retrospective study but also case reports, editorials, reviews and studies on pediatric population were included. All data were consolidated onto a standardized form. The primary data extracted from each article included age and gender of the patient, involved nerve, imaging studies performed and final diagnosis. Detailed description of the imaging appearance was recorded, whenever available.
For the MR studies, the following supplemental data were recorded: appearance of a mass, boundaries, homogeneity, the T1 and T2 aspect, the presence of intravascular intralesional signal void, postgadolinium type of enhancement, intensity, persistence, and evidence of drainage vessels.
For the ultrasonographic appearance, the supplemental data recorded were: presence of mass, delineation, echotexture/echogenicity, presence of vessels inside the nerve on Doppler studies, flow velocity and type of vascular signal (arterial/venous), imaging diagnosis and histopathological diagnosis.
Results
We found 35 English language papers published in the last 40 years, presenting 52 cases of vascular anomalies involving the peripheral nerves (Table I) . To this collection we added the two cases described in this paper, leading to a total of 54 cases.
Gender distribution. Three papers [8, 19, 33] reported a total of 9 cases presenting only the afflicted nerve and the histopathological diagnosis, without supplemental data. In these cases patient gender was labeled NA (not available) and they were not included in the calculation. For the remaining 45 cases, the female/ male ratio of the prevalence of intraneural vascular anomalies was 2:1.
Location. In the reviewed articles, 40 cases (74.07%) presented lesions of the upper limbs. The median nerve was involved in 20 cases (37.04% al all cases and 50% of the upper limb cases), the ulnar nerve in 13 cases (24.07 %, respectively 32.5%) and digital branches of the median, radial and ulnar nerves in 6 cases (11.11% respectively 15%). There was one case of brachial plexus involvement. One of the cases with ulnar nerve involve- [7, 20, 29, 31] and the inferior trunk of brachial plexus (1 case) [22] . The other 6 tumors were located at the level of lower limb, involving the sciatic nerve (2 cases) [27, 31] , peroneal nerve (3 cases) [5, 11, 19] and posterior tibial nerve (1 case) [14] . These lesions were named differently by the authors: hemangioma [3, 11, 13, 16, [18] [19] [20] 22, 24, 26, 31, 33] , intraneural hemangiomas [5, [7] [8] [9] 15, 23, 29] , endoneural hemangioma, intrinsic hemangioma [25] or capillary hemangioma [27, 30, 32] . Konet al [7] described one case in which the coexistence of an intraneural hemangioma and an extraneural cavernous hemangioma at the level of the digital branches of the ulnar nerve was observed. Prateret al [36] reported one case of mixed neoplastic pathology: intraneural hemangioma and lymphangioma.
The term cavernous hemangioma was used for 6 cases (11.11% of all cases), although, according to the ISSVA classification [1, 38, 39] , when these lesions are described in adulthood, they fall into the group of slow flow venous malformations.
There were six cases of venous angiomas (VA) (11.11%) of which one case was described as mixed venous and cavernous angioma developed at the epineurial level, involving the sciatic nerve in its distal portion as well as the tibial and peroneal nerves in their proximal part [27] .
In four cases (7.4%), the diagnosis was venous malformation (VM).
Of the fast-flow malformations, there were two cases of arteriovenous malformation (AVM) and one case of arteriovenous fistula (AVF).
The term "vascular malformation" without specifying its nature, was used in 3 of the reviewed cases [21, 31] .
For two cases, the authors [31] provide no information on the final diagnosis, therefore we labeled these cases with NA (not available).
Systematic analysis of the imaging appearance of vascular anomalies involving peripheral nerves
Radiography. This method seems useless in the assessment of peripheral nerve vascular lesions. Of the 54 reported cases, it was performed only in 10, with 7 normal results. In three cases -two hemangiomas [6, 23] and one arteriovenous malformation (our case no.2), phlebolyths or soft tissue calcifications were described and in only one case [6] a soft tissue mass was seen.
Angiography (arteriography, digital subtraction angiography) was used in 15 of the reported cases, either for diagnostic purposes (detailed anatomical location, upstream or downstream vessel identification), or as a precursor of surgical resection, as guidance for embolization and sclerotherapy. With the exception of 2 cases of hemangioma [9] where no abnormal aspect was described, in all other 13 cases (9 hemangiomas and 4 venous angiomas), the feeders and draining vessels of the lesion were highlighted.
Hemangiomas appeared as well-circumscribed masses, represented by a tissue component, surrounded by dilated arteries and drainage veins, sometimes with varicose aspect [15] . The phlebolyths induced small contrast filling defects [23] .
The venous malformations were characterized by the appearance of either a vessel or dilated string of vessels (phlebectasia) or by spongiform channels and abutting calcifications, with evidence of venous drainage in a late phase [40] .
Computed tomography was used in the diagnosis of 11 cases of peripheral nerve vascular abnormalities. CTA highlighted prominent vascularization and defined lesion limits [41] . Feyerabend et al [13] presented three cases of peripheral nerve tumors explored exclusively by CT, one of which was a hemangioma with the aspect of well defined tumor, lacunar appearance and fast and transient enhancement.
Magnetic Resonance Imaging was used in 34 of the 54 cases. Both native and post-contrast sequences, such as magnetic resonance angiography (MRA) and TRICKS-MRA (Multi-Phase Contrast Kinetics-MR Angiography), allow the visualization of the vascular component, the feeder sand drainage channels [40, 42] .
Hemangiomas (17 cases) appear as tissue masses with hypo-or isosignal on T1 weighted sequences and T2 hypersignal, well delineated, with signal void due to multiple vessels, presenting early and heterogeneous enhancement after gadolinium [20, [22] [23] [24] [25] 27, 29, [30] [31] [32] [33] .
Arteriovenous malformations (2 cases, including our case no. 2) appear as poorly delineated vascular lesions with no tissue component, early enhancement, direct visualization of the arteriovenous communication and early venous uptake, before the venous phase [27] .
Venous malformations (3 cases) appear as heterogeneous non-tissular lesions with T1 intermediate signal and T2 hyper-signal, with contrast uptake in the solid components of the lesion [27, 35] .
Ultrasonography of vascular anomalies involving peripheral nerves
Gray scale and Doppler ultrasound were used as diagnostic techniques in only 10 of the reported cases (Table  II) .
Hemangiomas (6 cases) appeared as solid structures with sharp delineation and heterogeneous echostructure. Arterial and venous intralesional signal was recorded on Doppler scans.
AVM (2 patients, one of which is described in the present paper) is characterized by the vascular "clew" appearance without obvious tissue components, with the presence of a nidus and neighboring calcifications. On Doppler, the arteriovenous shunt becomes obvious, with low resistance arterial waveforms in the feeders and arterialization of the venous drainage.
The ultrasonographic appearance of the VM (2 patients, one of which is presented in this paper) may be variable, depending on the type: phlebectasia or varicose dilation, multiple, tortuous, dilated veins, grouped or bearing spongiform configuration, with fluid filled spaces but no tissue component. On Doppler, no flow or slow venous flow is recorded. Chronic thrombi results in phlebolyth formation, observed in 9-27% of all VM, studied with US [41] .
No specific information could be retrieved regarding the US appearance of intraneural cavernous hemangioma or venous angioma.
According to our review, the current imaging techniques commonly used, US (high resolution gray scale US, Doppler) and MRI, demonstrated a close relation between the nerve path and the vascular anomaly, accurately indicating the diagnosis in 22 cases [23, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] 37] . Also, we found a single case in which postoperative histopathological examination confirmed the imaging diagnosis of hemangioma, established exclusively by using computed tomography [13] . 
Discussions
Vascular anomalies are a type of disease commonly found in the skin, soft tissues, bones, liver, spleen, and central nervous system. They are the result of a defective vascular development, with impaired number, size and course, usually appearing as numerous, dilated, tortuous vessels. They may appear either during intrauterine development or postpartum, each subtype of anomaly observing an own, typical pattern of development.
In 1982, Mulliken and Glowacki [43] published a classification of vascular abnormalities that divided them into hemangiomas (subclassified as proliferative phase and involutional phase hemangiomas) and vascular malformations (venous, lymphatic, capillary, arterial, fistula). This classification was based on etiology, clinical observations, model of endothelial proliferation, cell morphology, and histology.
In 1996, the International Society for the Study of Vascular Anomalies (ISSVA) published a wider and more complex classification, the latest update of it dating back to 2014 [2] . According to the ISSVA classification, vascular abnormalities include vascular tumors and vascular malformations.
Vascular tumors are tissues containing neoplastic endothelial proliferation, including a soft tissue component (collagenous stroma) and a vascular component (vascular channels). These tumors may be benign, locally aggressive or malignant, and include infantile hemangioma, the most common vascular tumor, but also rare entities, such as congenital hemangioma -with two subgroups: non-evolutive (NICH -Non Involuting Congenital Hemangioma), respectively rapidly evolutive (RICH -Rapidly Involuting Congenital Hemangioma) -kaposiform hemangioendothelioma (KHE), piogenic granuloma and angiosarcoma [43] [44] [45] [46] . Vascular proliferation is subdivided on the basis of the presence or absence of the endothelial cellular glucose transporter (GLUT). Infantile hemangiomas and angiosarcomas contain the GLUT1 protein (they are GLUT 1+), while congenital hemangiomas and kaposiform hemangioendotheliomas do not contain this protein (they are GLUT 1-) [45] .
Vascular malformations represent abnormal development of the vessels, with the preservation of a stable endothelial pattern. In terms of the vessel type involved, these defects can be simple, with an involvement of a single type of vessel -arterial, venous, lymphatic, or capillary -or combined.
Flow velocity permits the classification of these anomalies into fast flow and slow flow abnormalities. Fast flow abnormalities include vascular tumors, arterial malformations, arteriovenous malformations, and arteriovenous fistulae. Slow flow abnormalities include venous, capillary and lymphatic malformations [42] .
Despite the proposed systems for distinguishing between proliferative and dysplastic vascular abnormalities, inconsistencies still persist between the radiological [39] and histopathological classification of vascular lesions [43] [44] [45] [46] . Abnormal vascular development may induce hard to diagnose and classify lesions in organs such as the breast [47] .
Vascular abnormalities with intrinsic peripheral nerve development are of extremely rare occurrence.
Prassad et al [31] proposed an accurate anatomical classification, based on the compartmental delimitation of intraneural vascular abnormalities, according to their relationship with neural connective tissues: paraneurium and epineurium. Intraneural lesions were classified in sub-paraneurial -with normal nerve diameter and without changes of the sub-epineurial component -and sub-epineurial, with nerve thickening and T2 hypersignal. Lesions outside the epineurium, which did not follow the anatomical course of the nerve, were classified as extraneural.
Little is known about the very rarely occurring peripheral intraneural vascular anomalies. The cases presented in this work suggest that the presence of symptoms and signs attributable to peripheral nerve ailment in a patient with simultaneous regional vascular anomaly might indicate neural involvement. US is an excellent tool for direct visualization of most of the peripheral nerves and has the ability to depict neural involvement and to analyze intraneural flow noninvasively. The extent of the lesions in our cases suggested neural involvement through the vasa nervorum. In one of the cases we even observed progression of the disease to a second nerve, as local conditions remained basically unchanged.
Inconsistencies in classification and reporting made the aggregation of the reviewed data difficult.
Surprisingly, most of the reviewed cases were explored with MRI, with very few US reports, in spite of its obvious advantages. In our cases, US directly depicted the intraneural location of the abnormal vessels and it allowed for flow analysis, thus leading to accurate classification of the anoma lies. The therapeutic strategy was revised based on US findings. Sonography also represented an extremely useful tool for follow-up, depicting, in one case, progression of the disease to a second nerve of the same segment, this being, to the best of ourknowledge, the first report of this kind.
Conclusions
Our review suggests that peripheral intraneural vascular anomalies are twice more frequent in women.
About three quarters of them are located in the upper limb, with the median nerve involved in one third and the ulnar nerved involved in a quarter of all cases. Most of the cases are hemangiomas, the other types of vascular abnormalities being of singular occurrence. Peripheral neural compartment syndromes in patients with coexisting vascular anomalies may prompt for vascular neural involvement, requiring diagnostic imaging studies.
Noninvasive imaging such as ultrasound and magnetic resonance imaging provides paramount information on the morphology, flow characteristics, anatomical relationships and differential diagnosis in these patients, with relevant information for treatment decision making. Gray-scale and Doppler ultrasound are the methods of first choice, as they provide not only direct visual proof of neural involvement but also contribute to the differential diagnosis between hemangiomas and vascular malformations. Contrast enhanced magnetic resonance imaging may serve to complete the diagnosis.
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